Reaction mechanism of the reconstituted aspartate/glutamate carrier from bovine heart mitochondria.
A functional model for the aspartate/glutamate carrier of the inner mitochondrial membrane was established based on a kinetic evaluation of this transporter. Antiport kinetics were measured in proteoliposomes that contained partially purified carrier protein of definite transmembrane orientation (Dierks, T. and Krämer, R. (1988) Biochim. Biophys. Acta 937, 122-126). Bireactant initial velocity analyses of the counterexchange reaction were carried out varying substrate concentrations both in the internal and the external compartment. The kinetic patterns obtained were inconsistent with a pong-pong mechanism; rather they demonstrated the formation of a ternary complex as a consequence of sequential binding of one internal and one external substrate molecule to the carrier. Studies on transport activity in the presence of aspartate and glutamate in the same compartment (formally treated as substrate inhibition) clearly indicated that during exchange only one form of the carrier at either membrane surface exposes its binding sites, for which the two different substrates compete. In the deenergized state (pH 6.5) both substrates were translocated at about the same rate. Aspartate/glutamate antiport became asymmetric if a membrane potential was imposed, due to the electrogenic nature of the heteroexchange resulting from proton cotransport together with glutamate. Investigation of the electrical properties of aspartate/aspartate homoexchange led to the conclusion that the translocating carrier-substrate intermediate exhibits a transmembrane symmetry with respect to the (negative) charge, which again only is conceivable assuming a ternary complex. Thus, an antiport model is outlined that shows the functional complex of the carrier with two substrate molecules bound, one at either side of the membrane. The conformational change associated with the transition of both substrate molecules across the membrane then occurs in a single step. Furthermore the model implicates a distinct proton binding site, which is derived from the different influence of H+ concentration observed on transport affinity and transport velocity, respectively, when glutamate is used as a substrate.